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http://eprints.soton.ac.ukTo Mother 1.1. Motivation for this work and aims of the thesis 
Lubricating oils, which are viscous mixtures of hydrocarbons, make excellent lubricants for 
modern machinery. However, their performance can be modified and improved by using 
various kinds of additives. In particular, a wide range of chemicals are added for their ability 
to reduce friction and wear by forming microscopic protective films on rubbing metal 
surfaces. It is generally accepted that these films act by separating the metal surfaces when 
the lubricating oil fails to give full protection. In general, the reduction in friction and wear 
due to the formation of surface layers is termed boundary lubrication. 
An important group of chemicals used in this way are the phosphorus-based antiwear (AW) 
additives, which work under the comparatively mild conditions where metal-to-metal contact 
is infrequent. As the name suggests, their primary effect is to reduce wear. These additives, 
which include phosphate, phosphonate and phosphite esters, form generically similar films 
containing phosphorus, probably as a condensed phosphate, as will be discussed below. 
Predominant among the phosphorus-based AW additives is zinc dialkyl dithiophosphate 
(ZDDP), which has been used extensively in automobile engine oils and other lubricant 
formulations. The importance of ZDDP arises primarily because, firstly, it is an excellent 
antioxidant, working in solution to protect the oil from degradation (ZDDP was originally 
added to engine oils for this property alone), and secondly, along with phosphorus, sulphur 
in ZDDP is also active in the formation of protective films. Sulphur-based additives, typically 
organic sulphides, tend to form films under the harsh conditions where metal-to-metal contact 
is severe. They are classed as extreme pressure (EP) additives and their chief effects are to 
reduce friction and prevent seizure. Because of sulphur, ZDDP can form protective films 
over a wider range of conditions than other phosphorus-based additives. 
The protective films of phosphorus- and sulphur-based additives, and especially ZDDP, have 
been widely studied (as indicated by the extensive literature, reviewed in part below). 
However, details of the formation, composition, structure and action of antiwear and extreme 
pressure films remain unclear. Improved knowledge of these properties may provide the basis 
for the systematic development of new and better boundary lubricant additives. In the present 
work, two different approaches have been directed towards improving the understanding of 
the chemistry of phosphorus antiwear films, as described below. 
1 diffracted beams, although obviously only the backscattered beam need be considered. In a 
typical LEED experiment, the electron beam is incident normal to the surface and the origin 
of the sphere, representing the sample, lies on the 00 lattice rod. Because the hemispherical 
LEED screen is also centred on the sample it can be readily seen that the diffraction pattern 
is simply a projection of the reciprocal net with a scaling factor given by k. Increasing beam 
energy corresponds to an increase in the wave vector and therefore the radius of the sphere. 
At normal incidence the diffraction pattern shows the point group symmetry of the substrate 
surface. Unambiguous determination of the point group symmetry of overlayer structures is 
frequently difficult. It is not possible to detect reduced symmetry in the arrangements of 
atoms relative to the surface within the unit mesh, meaning that the adsorption site cannot 
be determined. However, reduction in the point group symmetry of the mesh of an overlayer 
structure can be identified from the appearance of superposition patterns from different 
structural domains (a surface structure is typically broken into small and misaligned domains 
of perfect periodicity). When the average domain size is 100 A or less, coherent interference 
between electrons scattered from adjacent domains gives rise to such effects in the diffraction 
pattern as spot broadening, spot splitting, and streaking. The presence of glide symmetry at 
the surface can be identified by characteristic missing spots. 
41 irregular, unpredictable, and showed spurious features which often appeared in the 
temperature region of interest. Unambiguous background subtraction was difficult at low PH3 
exposure and impossible at high exposure (20 L and above). 
Three peaks, assigned as and with increasing temperature, can be identified in 
the development of the spectra. After a PHj exposure of 1 L, hydrogen desorbs in two 
features; the ^2^ peak, centred at about 260 K, and the smaller peak, centred at about 
440 K. This desorption curve is very similar to TPD spectra for low coverages of D; on 
Fe(lOO), reported above. The jS;'' and peaks in fig. 4.5 correspond to the jS, and /S2 peaks 
of D; in fig. 4.2, without showing any significant temperature shift. Apparently, very low 
coverages of phosphorus have no effect on coadsorbed hydrogen. By analogy with 
interpretation made for H; on clean Fe(lOO),'^ the jS;"' and 0/ peaks can be assigned to 
recombinative desorption reactions, where the high temperature ^2^ peak obeys simple 
second-order desorption kinetics and the low temperature peak arises from repulsive 
lateral interactions among hydrogen adatoms. Consistent with this interpretation, the P/ peak 
shows a shift to lower temperature on increasing the PH3 exposure from 1 to 10 L. 
Coadsorbed phosphorus does strongly influence the hydrogen desorption kinetics at higher 
coverages. This effect is dominant at saturation uptake (about 40 L PH3), where most, if not 
all, of the H2 desorbs in the low temperature j8/ peak, centred at about 220 K. At saturation, 
this feature is shifted to lower temperature by as much as 40 K, compared to the saturated 
jSj peak for D; on the clean surface. After PH3 exposures of 5 and 10 L, the jg/ feature can 
apparently be observed emerging as a low temperature shoulder on the ^2^ peak. The jg/ 
peak is a characteristic of high phosphorus coverages and can reasonably be assigned to a 
recombinative desorption of hydrogen where the binding energy is reduced by repulsive 
lateral interactions between adsorbed hydrogen and phosphorus atoms. 
Alongside the peak, other features in the saturation curve (40 L) are, very likely, artifacts 
from sample mount outgassing, because they could not be reproduced in numerous repeated 
experiments. For example, it is doubtful that the feature at 340 K comes from desorption 
from the crystal surface. The saturation curve in fig. 4.6, is included to show the appearance 
of the low temperature feature. Although a background subtraction has been attempted, 
uncertainty in the position and shape of the background curve means that the error in the area 
due to H2 from the surface may perhaps be as much as + 30%. Consequently, it was not 
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